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ABSTRACT 


This  is  a  report  of  the  work  accomplished  on  Project  VT/8702  from  1  April 
through  30  June  1968.  Project  VT/8702  includes  the  operation,  evaluation, 
and  improvement  of  the  Tonto  Forest  Seismological  Observatory  (TFSO) 
located  near  Payson,  Arizona.  It  also  includes  special  research  and  test 
functions  carried  out  at  TFSO  and  research  and  development  tasks  performed 
by  the  Garland,  Texas,  staff  using  TFSO  data. 


OPERATION  OF  THE 

TONTO  FOREST  SEISMOLQGICAL  OBSERVA T OR Y 


1.  introduction 


1.1  AUTHORITY 

deS"ib"d  inlhi8  r'P°rt  supported  by  the  Advanced  Research 
Projects  Agency,  Nuclear  Test  Detection  Office  and  was  monitored  by  the 

6 8 'c  0766  Th"1Cff  Appllcations  Center  (AFTAC)  under  Contract  AF  33657- 
68-C-0766.  The  effective  date  of  the  contract  is  1  January  1966;  the  statement 
o.  work  for  Project  VT/8702  is  included  as  the  appendix  to  this  Report 

1.2  HISTORY 


UnfteTd°sL0Je°r  Seis”ol°eical  Observatory  (TFSO)  was  constructed  by  the 
United  States  Corps  of  Engineers  in  1963.  TFSO  was  designed  to  record 

seismic  events  and  to  be  used  as  a  laboratory  for  testing,  comparing,  and 

evaluating  advanced  seismograph  equipment  and  seismometric  recording 

untuTnT’  ..T1hQe,1E;nS^rUTfentationwaB  assembled,  installed,  and  operated 
until  30  April  1965,  by  the  Earth  Sciences  Division  of  Teledyne  Industries 
under  Contract  AF  33(657)-7747.  On  1  May  1965,  Geotech  assumed  the 
responsibility  for  operating  TFSO.  The  location  of  TFSO  is  shown  in  figure  1. 


2.  OPERATION  OF  TFSO 


2.  1  GENERAL 


D  ta  are  recorded  at  TFSO  on  a  24-hour-a-day  basis.  The  observatory  is 
manned  continuously.  A  full  complement  of  personnel  is  on  duty  8  hours  a 
day,  5  days  a  week;  at  other  times,  a  reduced  operating  crew  is  on  duty. 

The  funds  for  Contract  AF  33657-68-C-0766  were  negotiated  on  21  May  1968. 

Mr  G.  S.  Gerlach  visited  the  Project  Office  at  the  VELA  Seismological 
Center  on  15  May  to  review  the  status  of  the  evaluation  of  the  3  7-element 
array  and  other  work  in  progress. 
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Figure  1.  Location  of  TFSO 
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2.2  STANDARD  SEISMOGRAPH  OPERATING  PARAMETERS 

The  operating  parameters  and  tolerances  for  the  TFSO  standard  seismographs 
are  shown  in  table  1.  Frequency  response  tests  are  made  routinely,  and 
parameters  are  checked  and  reset  to  maintain  the  specified  tolerances. 

Normalized  response  characteristics  of  TFSO  standard  seismographs  are 
shown  in  figure  2.  In  addition  to  these  standard  seismographs,  two  filtered 
summation  seismographs  are  recorded.  One  STF  seismograph  is  filtered 
by  a  UED  filter  with  a  high-cut  frequency  of  1. 75  cps  and  a  slope  of  12  dB 
per  octave.  This  seismograph  was  recorded  on  16-millimeter  film  data 
trunk  1  and  on  magnetic-tape  data  trunk  5,  until  25  June  1968.  The  second 
2TFK  seismograph  utilizes  a  Krohn-Hite  filter;  the  high-cut  frequency  is 
set  at  2.  0  cps  with  a  slope  of  24  dB  per  octave,  and  the  low-cut  frequency  is 
set  at  1. 0  cps  with  a  slope  of  24  dB  per  octave.  This  filtered  seismograph 
is  recorded  on  16-millimeter  film  data  trunk  1.  i 

The  intermediate  band  system  was  deactivated  on  25  June  1968  in  order  to 
provide  recording  space  for  the  high-frequency  seismograph  system. 

2.3  DATA  CHANNEL  ASSIGNMENTS 

Each  data  format  recorded  at  TFSO  is  assigned  a  data  group  number.  When 
a  data  format  is  changed,  a  new  data  group  number  is  assigned.  Several  data 
format  change  notices  reporting  changes  in  channel  assignments  were 
submitted  to  the  Project  Officer  and  to  frequent  useru  of  TFSO  data  during 
this  reporting  period. 

I 

2.  4  COMPLETION  AND  SHIPMENT  OF  DATA 

The  magnetic-tape  seismograms  are  shipped  from  TFSO  each  week.  Six 
magnetic-tape  recorders  are  used  to  record  data  for  the  AFTAC/VELA 
Seismological  Center  (VSC). 

Film  seismograms  from  12  Develocorder s  are  routinely  shipped  to  data 
users.  The  film  and  magnetic-tape  operation  logs  and  calibration  logs  are 
copied  and  shipped  with  the  seismograms.  Copies  of  selected  film-seismo¬ 
gram  data  are  sent  to  the  Geotech  Program  Manager  regularly  and  to  other 
data  users  on  special  request.  The  shipments  of  16-millimeter  film  seismo¬ 
grams  routinely  sent  to  the  Seismic  Data  Laboratory  (SDL)  repository  are 
complete  through  April  1968,  except  for  selected  seismograms  being  held 
for  use  in  conjunction  with  special  investigations  or  instrument  tests  that  are 
in  orogress . 
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Discontinued  after  25  June 


2.5  QUALITY  CONTROL 


Quality  Control  of  16-Millimeter  Film  Seismograms 


Quality  control  checks  of  randomly-selected  16-millimeter  film  seismograms 
from  data  trunks  1,  2,  and  8,  and  the  associated  operation  logs  are  made  in 
Garland.  Items  that  are  routinely  checked  by  the  Quality  Control  Analyst 
include: 


a.  Film  boxes  -  neatness  and  completeness  of  box  markings; 

b.  Develocorder  logs  -  completeness,  accuracy,  and  legibility  of  logs; 

c.  Film: 

1)  Quality  of  the  overall  appearance  of  the  record  (for  example, 
trace  spacing  and  trace  intensity); 

2)  Quality  of  film  processing; 

d.  Analysis  -  completeness,  legibility,  and  accuracy  of  the  analysis 
sheets. 


Results  of  these  evaluations  are  sent  to  the  observatory  for  their  review  and 
comment. 


2.5.2  Quality  Control  of  Magnetic-Tape  Seismograms 

Routine  quality  control  checks  of  randomly -selected  magnetic -tape  seismo¬ 
grams  were  made  in  Garland  and  at  TFSO  to  assure  that  recordings  met 
specified  standards.  The  following  are  among  the  items  that  were  checked 
by  the  Quality  Control  Group: 

a.  Tape  and  box  labeling; 

b.  Accuracy,  completeness,  and  neatness  of  logs; 

c.  Adequate  documentation  of  logs  by  voice  comments  on  tape  where 
applicable; 

d.  Seismograph  polarity; 

e.  Level  of  calibration  signals; 

f.  Relative  phase  shift  between  array  seismographs; 

g.  Level  of  the  microseismic  background  noise; 
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h. 

Level  of  the  System  noise; 

i. 

PTA  dc  balance: 

j- 

Oscillator  alignment; 

k. 

Quality  of  the  recorded  WWV  signal  where  applicable; 

1. 

Time -pulse  carrier; 

m. 

Binary  coded  digital  time  marks  . 

Quality-control  effort  resulted  in  the  adjustment  of  tape  speed  on  four  FM 
magnetic-tape  recorders. 

2.  5.3 

Quality  Control  of  Astrodata  Digital  Magnetic 

-  —  — — a - 

Quality  control  checks  of  Astrodata  tape  were  initiated  during  June.  At 
present,  one  tape  per  day  is  checked  for  the  following  items: 

a. 

Neatness  and  accuracy  of  the  associated  logs; 

b. 

Parity  errors; 

c. 

Recording  level  of  each  channel; 

d. 

Fidelity  of  reproduction; 

e . 

Presence  of  header  record  and  correct  record  length. 

Quality  control  efforts  have  resulted  in  an  improvement  of  the  accuracy  of 
the  logs.  The  last  record  and  the  end-of-file  on  each  tape  appear  to  be 
missing;  efforts  are  continuing  to  isolate  and  correct  the  malfunction. 

2.6  SECURITY  INSPECTION 

Mr.  M.  Craig,  Industrial  Security  Inspector  from  Phoenix,  Arizona,  made 
a  routine  security  inspection  of  the  observatory  on  17  May.  All  items  checked 
were  found  to  be  in  order. 

2.7  EMERGENCY  POWER  GENERATOR 

The  emergency  power  generator  was  operated  49.3  hours  during  the  reporting 
period.  Approximately  69  percent  of  the  emergency  power  operation  was 

required  because  of  activity  that  resulted  in  commercial  power  fluctuations 
and  outages . 
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3.  EVALUATE  DATA  AND  DETERMINE 
OPTIMUM  OPERATIONAL  CHARACTERISTICS 


3.1  SHORT-PERIOD  ARRAY  SYSTEMS  MODIFICATIONS 
3*1.1  Vault  Isolation  Filters 

The  installation  of  the  1.  0  MF  capacitor  between  the  positive  side  of  the  power 

systems  grTonfnrth  ^  iS°lati°n  i»  81  percent  of  the 

systems.  To  further  reduce  noise  and  spiking,  100  kohm  resistors  are  being 

p  aced  across  each  1.0  MF  capacitor  in  the  vault  isolation  filter  T’  s  modi  § 

fication  has  been  completed  in  46  percent  of  the  systems.  Figure  1‘shows 
the  circuit  modifications.  figure  j  snows 

3*1.2  Power  Source 

The  power  source  for  Z22  and  Z34  was  changed  during  June.  Z22  now  uses 

The  tCm  7PPt  y  °Perating  °n  COmmercU1  »Wch  was  available  at  LP2. 

The  thermoelectric  generator  at  LP7  is  supplying  power  to  Z34. 

3.1.3  Solid-State  Amplifier 

starred  JTh  *  m°JdifiCat.i0n  °f  al‘  ah-t-period  solid-state  amplifiers  was 
JontroUed  consists  of  replacing  a  resistor  in  the  voltage- 

controHed  oscillator  board.  This  change  results  in  an  increase  in  signal 
level  from  about  1800  mV  to  about  2900  mV.  ® 

3.2  ASTRODATA  SYSTEM 

3-2'1  Overload  Circuit  Modification 

On  16  April  the  Astrodata  system  was  modified  so  that  the  cha  mel-overload 

e1;mi  nates  ^data  “  aUt<>matic  re8et  circuit.  This  modification 

.  minates  long  data  outages  experienced  in  the  past,  because  the  overloaded 
channels  are  reset  automatically  after  a  4-second  delay. 

3.2.2  Parity  Errors 

The^7  a  *ape"!Uide  r°]ler  was  ^placed  °n  Astrodata  tape  transport  1. 

digital  ler  eUminated  the  constant  parity  errors  encountered  in  processing 
d  gital  seismograms  recorded  by  transport  1  during  April.  8 

3.2.3  Recording  Level 

On  12  April  the  sensitivity  of  the  Astrodata  acquisition  system  w*s  increased 
y  a  factor  of  three  to  insure  adequate  resolution  of  the  noise  in  the  evaluation 
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of  the  signal -to-noise  improvement  of  the  beam-formed  outputs  of  the 
3  7-element  array. 

3.3  MAINTENANCE  OF  TFSO  EQUIPMENT 

3.3.1  FM  Magnetic-Tape  Recorder  Heads 

Six  sets  of  FM  magnetic-tape  record  and  playback  heads  were  delivered  to 
TFSO  during  May.  Detailed  check-out  procedures  have  been  planned;  however, 
installation  was  not  started  by  the  end  of  the  report  period. 

3.3.2  FM  Magnetic  Tape 

Data  loss  after  a  few  hours  of  recording  has  been  observed  with  the  new 
Scotch  Brand  magnetic  tape  No.  860.  The  difficulty  has  been  attributed  to 
excessive  buildup  of  tape  lubricant  on  the  record  heads.  About  100  reels  of 
the  tape  have  been  temporarily  set  aside  while  procedures  for  removing  the 
excess  lubricant  are  being  planned. 

3 . 4  LINE  SPIKING  PROBLEM 

From  latter  May  to  10  June,  the  output  data  from  the  37-element  short-period 
array  and  the  crossed-linear  array  exhibited  a  large  increase  in  transient 
(spike)  noise  level.  Such  noise  normally  appears  with  the  occurrence  of  a 
local  thunderstorm;  however,  during  this  period  TFSO  did  not  have  any 
thunderstorms.  The  spiking  noise  was  observed  to  have  the  following  char¬ 
acteristics: 

1 .  In  general,  the  spiking  was  random  in  time  with  the  highest 
frequency  of  occurrence  between  6  p.  m.  and  3  a.m.  local  time. 

2.  Some  spikes  appeared  on  all  traces  of  the  37-eleme<vt  array  simul¬ 
taneously;  others  appeared  on  small  groups  of  traces  simultaneously. 

3.  During  the  high  noise  period,  an  average  of  one  spike  per  minute 
was  observed  on  the  noisier  channels. 

Tests  indicated  that  the  noise  was  not  the  result  of  faulty  instruments  or  bad 
cable,  but  that  the  noise  was  being  picked  up  by  the  spiral-4  cables.  No 
positive  correlation  was  observed  between  the  spikes  and  any  commercial 
power  fluctuations,  radio  static,  or  special  meteorological  conditions. 

Before  the  mechanism  that  produced  the  spikes  could  be  determined,  the 
spiking  frequency  and  amplitude  dropped  to  an  almost  negligible  level  after 
10  June.  A  detailed  report  on  this  problem  and  the  tests  undertaken  to  solve 
if  is  being  prepared  in  a  letter  progress  report  to  be  submitted  about  15  July. 
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4.  ANALYZE  DATA 


4.  1  DAILY  REPORTS  TO  THE  COAST  AND  GEODETIC  SURVEY 

TFSO  reports  the  arrival  time,  period,  -and  peak  amplitude  of  events  recorded 
at  TFSO  to  the  Director  of  the  Environmental  Science  Services  Administration's 
Coast  and  Geodetic  Survey  in  Washington,  D.  C.  ,  daily.  The  number  of  events 
reported  by  TFSO  during  each  month  of  the  reporting  period  is  shown  in 
table  2,  by  type. 


Table  2.  Events  reported  to  the  C&GS  by  TFSO 
_ during  April,  May,  and  June  1968 


Month 

Local 

Near  Regional 

April 

7 

3  86 

May 

6 

140 

June 

4 

112 

Regional 

Teleseisms 

Total 

12 

1074 

1475 

15 

13  94 

1555 

41 

2087 

2244 

The  number  of  events  reported  by  C&GS  in  their  "Earthquake  Data  Report" 
for  Decembei  1967,  January,  and  February  1968  are  given  in  table  3.  Also 
shown  in  table  3,  by  month,  are  the  percentages  of  the  C&GS  hypocenters  in 
which  TFSO  data  were  used  to  establish  the  location;  the  percentages  of  the 
C&GS  hypocenters  from  which  TFSO  recorded  a  P  or  PKP  arrival,  based  on 
associated  data;  and  the  percentages  of  the  C&GS  hypocenters  from  which 
TFSO  recorded  a  P,  PKP,  or  later  phase,  based  on  updated  ABP  associated 
data.  Figures  4  and  5  show  the  world-wide  distribution  of  the  C&GS-located 
epicenters  for  November  and  December  1967,  and  January  1968.  The  three 
types  of  symbols  used  to  show  the  epicentral  locations  represent  the  detection, 
by  TFSO,  of  a  P  or  PKP  phase;  the  detection  of  an  event  in  which  the  first 
recorded  arrival  was  not  P  or  PKP;  and  no  detection  by  TFSO. 

4.2  DAILY  ANALYSIS  FOR  MULTISTATION  EARTHQUAKE  BULLETIN 


Data  from  TFSO  are  combined  with  data  from  CPSO,  BMSO,  UBSO,  and 
WMSO  and  published  in  a  monthly  multistation  earthquake  bulletin.  The 
bulletins  for  November  and  December  1967  were  published  during'this 
reporting  period.  The  ABP  output  for  January  1968  was  received  from  the 
Seismic  Data  Laboratory  on  31  May.  The  January  bulletin  is  scheduled  for 
distribution  about  10  July. 
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Fife-are  4.  Distribution  of  Coast  and  Geodetic  Survey  located 

epicenters  m  the  northern  hemisphere  for  November 
and  December  1967,  and  January  1968 

G  3179 
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Figure  5.  Distribution  of  Coast  and  Geodetic  Survey  located 

epicenters  m  the  southern  hemisphere  for  November 
and  December  1967,  and  January  1968 
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4.3  ROUTINE  NOISE  SURVEY 

Measurements  of  ambient  noise  in  the  0.  4-1. 4-second  period  range  are  made 
from  the  short-period  16 -millimeter  films  seismograms,  daily,  at  TFSO. 
Data  are  processed  in  Garland,  and  monthly  cumulative  probability  curves  of 
trace  amplitude  and  ground  displacement  as  recorded  on  the  Z60,  ST,  and 
STF  seismograms  are  published.  Curves  for  the  months  of  February, 

March,  April,  and  May  1968  were  sent  to  the  Project  Officer  during  this 
reporting  period. 


5.  PROVIDE  OBSERVATORY  FACILITIES  AND 
ASSISTANCE  TO  OTHER  ORGANIZATIONS 


5.  1  ASTRODATA  DATA  ACQUISITION  SYSTEM 

The  Astrodata  system  operated  on  a  24-hour -a -day  basis  throughout  the 

reporting  period.  Recordings  are  preselected  by  station  personnel  prior  to 
shipment  to  SDL. 

5.2  TELEMETRY  TO  MASSACHUSETTS  INSTITUTE  OF  TECHNOLOGY 

Telemetry  of  seven  seismograph  channels  to  Lincoln  Laboratory, 

Massachusetts  Institute  of  Technology  (MIT)  continued  throughout  this  reporting 
period.  MIT  is  notified,  in  advance  when  possible,  if  the  seismographs  are 
to  be  attenuated  for  special  tests. 

5.3  ASTROGEOLOGICAL  DEPARTMENT  OF  THE 
U.  S.  GEOLOGICAL  SURVEY 

TFSO  has  continued  to  support  Dr.  Harold  Krivoy  of  the  Astrogeological 
Department  of  the  United  States  Geological  Survey  (USGS)  in  Flagstaff,  Arizona. 
Dr.  Krivoy  receives  copies  of  the  daily  station  message  and  all  Helicorder 
records  not  needed  by  the  observatory  on  a  regular  basis. 

5.4  GEOPHYSICS  DEPARTMENT  OF  THE  UNIVERSITY  OF  UTAH 

During  June,  TFSO  started  sending  copies  of  the  daily  station  message  to 
Dr.  Kenneth  Cook,  University  of  Utah. 

/ 

5.5  VISITORS 

5.5,1  Visits  by  School  and  Professional  Groups 

Arizona  State  University  students  and  instructors  visited  TFSO  on  5  April, 

19  April,  and  3  May  1968.  Approximately  188  visitors  were  given  tours  of 
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the  observatory  and  brief  lectures  on  seismology 
from  Phoenix  and  Pays  on  high  school  science  clas 
observatory  on  11  and  20  April  and  17  May  1968. 
of  the  Arizona  Institute  of  Aeronautical  Engineers 


Approximately  108  visitors 
ses  were  given  tours  of  the 
On  8  June,  thirty  members 
visited  the  observatory. 


5.  5.  2  Teledyne  Visitors 


Mr:*A51Ti0ld  SlSSOn’  Pr°gram  Engineer,  and  Mr.  O.  D.  Starkey,  Geotech, 
visited  the  station  from  7  through  19  May  for  the  purpose  of  modifying  the 

ong-penod  solid-state  amplifiers  and  assist  in  the  installation  of  the  long- 
period  array.  6 


Mr.  S.  Montoya,  Geotech,  visited  TFSO  from  5  through  18  June  for  the 
purpose  of  solving  long-period  telephone  and  microwave  carrier  problems 

5.5.3  Visit  by  Project  Officer 


Fre?riCk  D-  Munzlinger,  AFTAC  Project  Officer,  was  a  visitor  at 
TFSO  from  13  through  18  April  1968.  Installation  of  the  long-period  array, 
and  recording  formats  were  discussed. 


5.5.4  Texas  Instruments  Visit 


Mr.  Don  Douglas,  Texas  Instruments  (TI),  arrived  at  TFSO  on  27  Mav  to 
begin  digit*1  recording  of  TFSO  data.  Other  TI  personnel  who  assisted 

MrgB  «  r8  ,herc"'“"g  Perio4  were  Mr'  D-  HuShes.  Mr.  B.  Johnson, 
a  id  Mr.  B.  Mathews.  The  TI  personnel  completed  their  recording  assign- 
ment  and  departed  on  22  June.  6  S 


5-  5.  5  Visits  by  Foreign  Nationals 

Dr.  Ola  Dahlman,  Sweden,  visited  the  observatory  on  29  April  1968. 

Dr.  Claus  Prodehl,  West  Germany,  visited  on  12  June  1968.  Both  visitors 
were  given  tours  of  the  observatory. 


6.  RESEARCH  PROGRAMS 


6.  1  DESIGN  AND  INSTALL  A  LONG- PERIOD  ARRAY 
6.1.1  Array  Installation 

Construction  of  the  long -period  array  was  completed,  and  by  30  April,  the 
outputs  of  all  the  elements  were  being  recorded.  The  Federal  Communica¬ 
tions  Commission  microwave  license  for  LP5  was  received  about  17  April 
and  the  microwave  equipment  was  operational  by  26  April, 
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Va"U  h°.leS  ha7e  been  filled  with  "awdust  and  covered;  all  sites  except  LP3 
vT^lZ?j:^APr  reSeeded'  F*“"  “*  «“»  erected 


6.1.2  Arra\ 


aeration 


.  •  g  ^..y  the  °Peratlon  °f  the  seismographs  was  improved  due  to  stabili- 
"elenh  *  SyStemS’  ^^ation  of  the  amplifiers,  improvement  of  the 
-  ephone  transmission  links,  and  improvement  of  the  ventilation  of  the  micro- 
wave  transmission  equipment.  The  modification  of  the  amplifiers  included 

and^chan air  acr°SS  the  base -to -emitter  junction  of  the  input  transistor 

and  changing  the  damping  circuit  from  active  to  passive. 

Crossfeed  between  the  data  and  calibration  circuits  for  LP2  and  LP3  was 
eliminated  with  the  installation  of  specially  designed  filters. 

L’ghtnmg  has  resulted  in  damage  to  equipment  at  LP2,  LP3,  and  LP5-  and 
their  operation  has  been  intermittent. 

In  general,  the  useful  magnification  of  the  vertical  seismographs  is  limited 

t  it  *he  *■  ^ 

6.  2  EVALUATION  OF  A  HIGH-FREQUENCY  SEISMOGRAPH 

The  high-frequency  seismograph  was  assembled  and  checked  during  April. 

The  installation  of  the  seismograph  in  the  shallow  hole  was  delayed  until  a 

~  7?“v;d  fr°m  UBSO-  The  seismometer  was  lowered  and  locked 

with  -  ^  of  l30  feet  on  29  May.  Recording  of  the  system  began  on  25  June, 
with  •.  magnification  of  about  23,  000K  at  8  cps. 

r„d°b„fer  have  ^een  encou,1‘'re<i  with  high-frequency  oscillations;  and  at  the 
nd  of  the  reporting  period,  work  was  continuing  on  eliminating  them. 

operaMnTproperly!8  re,UenCy  Se‘Smo^h  •“  when  the  system  is 

6.3  MULTICHANNEL  FILTER  PROCESSOR 

oeHoderaThthe  multi^hannel.filter  operated  routinely  throughout  the  reporting 
period.  There  were  two  major  outage  intervals  of  more  than  one  day.  Due 

o  a  damaged  transistor  in  the  core  memory  power  supply,  the  MCF  was 
inoperative  from  22  April  through  2  May.  From  10  May  through  14  May 
a  faulty  input  circuit  resulted  in  Z1  being  the  only  input  channel  selected. 

ere  were  9  other  brief  outages  ranging  from  a  few  minutes  to  several  hours. 

The  short-period  primary  system,  Z60,  N46,  and  E60  has  been  assigned  to 
beam-steered  recording  format,  data  trunk  6.  Routine  analysis  is  made 
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from  this  recording  format,  and  an  evaluation  is  in  progress  Prelim- 
observations  of  the  MCF  outputs  have  indicated  the  folWing  items  7 

detected  onSct  short-P”*d  P*Wy  system  have  been 

signals  recordeTb^the  MCF^8  ^  *PU'enters  can  be  determined  on  all 

detection  capabilit^eiSf  mlintfinldT'freqUenCy  6nergy  by  the  MCF>  the 
waves .  y  s  maintained  during  intervals  of  high  amplitude  surface 

interm-ngleTdheevIu 

6' 4  beam-steeking  EVALUATION  OP  THE  SHORT-PERIOD  ARRAY 

tTheereep“r"dng  Z^TsZ  «»Y  continued  throughout 

aix  ofL  ,^aUhatIC8nT„;iyaUedeen  ^  ^  ^  *  -d 

^^SS.V’.rrTS:  “army  X*  ‘mX  T*** 
increase  in  average  amplitude  for  rilgs  “ 

tolh;/^  sTmelat  'er^but3^1!8  aS“d  ^  «“  ^  « « — 

In  order  to  verify  that  the  obseTted ‘^—tency  and  to  a  smaller  degree, 
factors  obtained  from  simultanpo  .  i.,™1  WaS  not  due  to  demagnification 

computed  from  individual  calibrations'1  were' appUedTo  ^magnification  Actors 
ehor  the  ring-averaged  rms  values  T*“*  4 

for  ftaiinXi°duiiecirsUeS  8h°W  ab°U'  *  4  P<!rcen‘  smalW  avera8a  value 

even  “s f  ThltuditiduaV:^  V^-*" 

signal  amplitude  for  the  three  events.  smaller  ring-averaged 

The  following  conclusions  are  evident  from  the  data: 

I-  The  two  methods  of  calibration  give  essentially  the  same  results. 

evident  ,-n  th  aTthe  in?rea“e  in  ”ignal  amPU‘“de  with  increasing  rings  is 
dent  in  the  data  using  the  individual  calibrations.  8 

^u:r  iaonr ed  f° date  is  a  *  ^  fr°-  *•  ao-** 

ge.  igures  6  through  10  show  a  portion  of  the  noise  sample  and  the 
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Figure  6.  Astrodata  recording  of  Atlantic 
Ridge  signal  on  Z1  through  Z9 
of  the  37-element  array 
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signal  as  it  was  recorded  by  the  37-element  array  (figure  11).  The  traces 
have  not  been  normalized  to  the  same  gain,  and  Z  11  was  not  used.  The  data 
were  demagnified  and  filtered  with  the  SDL  filter,  which  is  a  bandpass  filter 
with  cutoffs  at  0.4  cps  and  3. 0  cps  and  about  24  dB /octave  slopes.  The  data 
were  filtered  both  forward  and  backward  to  obtain  zero  phase  shift  at  all 
frequencies. 

Delay  times  were  measured  from  Calcomp  plots  of  the  data  and  three  phased 
sums  were  formed.  The  first,  PS1,  consisted  of  the  center  element  plus 
the  inner  ring,  the  second,  PS2,  consisted  of  the  center  element  plus  the 
inner  and  middle  rings;  the  third,  PS3,  consisted  of  the  entire  array.  The 
spectra  of  the  signal  and  the  noise  were  computed  for  each  of  the  individual 
elements,  the  three  phased  sums,  and  a  summation  of  selected  elements  of 
the  crossed-linear  array.  The  cross -linear  summation  (CLS)  was  filtered 
in  the  same  manner  as  the  individuals  prior  to  computing  the  spectra.  The 
signal  and  the  noise  i  pectra  for  the  individual  elements  were  averaged  to 
obtain  representative  spectra.  Figure  12  shows  the  spectra  plotted  as  a 
function  of  frequency.  The  ratios  of  noise  spectra  for  PS1,  PS2,  PS3,  and 
CLS,  relative  to  the  individual  spectra,  are  shown  in  figure  13.  Corres¬ 
ponding  ratios  for  the  signal  spectra  are  shown  in  figure  14.  The  noise  ratios 
show  the  expected  noise  reduction  due  to  the  addition  of  elements  to  the  phased 
sums.  The  signal  ratios  show  that  at  the  peak  power,  the  signal  loss  is  less 
than  2.  0  dB  for  the  three  phased  sums  and  the  cross-linear  summation.  The 
rise  in  the  signal  ratios  at  the  higher  frequencies  is  due  to  noise  reduction 
and  not  signal  loss.  The  signal  amplitude  loss  for  the  largest  half  cycle  in 
the  first  four  seconds  was  less  than  0,  85  dB  for  the  three  phased  sums. 

The  signal-to -noise  ratios  as  functions  of  frequency  for  the  individual,  three 
phased  sums,  and  the  cross -linear  summation  are  shown  in  figure  15.  Note 
uiat  the  maximum  in  the  S/N  did  not  occur  at  the  same  frequency  as  the  peak 
signal  power.  Signal-to-noise  improvement  ratios  for  the  three  phased  sums 
and  the  cross -linear  summation  relative  to  an  individual  are  shown  in 
figure  16.  Table  6  summarizes  the  improvement  at  various  frequencies. 
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Figure  12.  Power  spectra  of  noise 


TR68-32 


Figure  13.  Ratios  of  noise  spectra  relative  to  the  individual  spectr 
for  PS1,  FS2,  PS3,  and  CLS 
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Figure  14.  Ratios  of  signal  spectra  relative  to  the  individual  spectra 
for  PS1,  PS2,  PS3,  and  CLS 
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Figure  16.  Signal-to-noise  improvement  ratios  relative  to  individual 
for  PS1,  PS2,  PS3,  and  CUi 
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STATEMENT  OF  WORK  TO  BE  DONE 
(AFIAC  Project  Authorization  No.  VELA  T/8702/S/ASD)  (32) 


Tasks : 


a.  Operation: 

n,  ^(1)  /S°^Ninue  operation  of  the  Tonto  Forest  Seismological 
Observatory  (TFSO) ,  normally  recording  data  continuously. 

(2)  Evaluate  the  seismic  data  to  determine  optimum  operational 
characteristics  and  make  changes  in  the  operating  parameters  as  may  be 
required  to  provide  the  most  effective  observatory  possible.  Addition 
an.  modification  of  instrument  are  within  the  scope  of  work.  However 
such  instrument  modifications  and  additions,  data  evaluation,  and  major 

officer?  868  3re  SUbJeCt  t0  thG  Pri°r  aPProval  of  the  AFTAC  project 

(3)  Conduct  routine  daily  analysis  of  seismic  data  at  the 
observatory  and  transmit  daily  seismic  teletype  reports  to  the  Coast  and 
Geodetic  Survey,  Environmental  Science  Services  Administration, 

ren^8f°l  ?ienaeaCen^rj  R°ckvUle'  Maryland,  using  the  established 
report  format  and  detailed  instructions, 

format-  ^  ^  ^ults  of  daily  analysis  on  magnetic  tape  in  a 

Da™  Lbora^orv  ?SDt?  i  ?ha?t0mated  bulletin  Pro8ram  used  by  the  Seismic 
of  fhl  f  helr  PreParatlon  the  seismological  bulletin 

establilhed'hv  aS  m°  °8lCal  obse stories .  The  format  should  be 
Jhi  ^  J  ?  by  coordination  with  SDL  through  the  AFTAC  project  officer. 

SDL  will  be6  ®hipments  of  these  Prepared  magnetic  tapes  to 

SDL  will  be  established  by  the  AFTAC  project  officer. 

ooot-r  i  ^  Establish  quality  control  procedures  and  conduct  quality 
controi,  as  necessary  to  assure  the  recording  of  high  quality  data  on 

control^  I"0  tar  ^  fllm'  PaSt  exPerience  indicates  that  a  quality 
control  review  of  one  magnetic  tape  per  magnetic  tape  recorder  at  ttu/ 

observatory  during  each  week  is  satisfactory  unless  quality  control 

br",e,1CeEded  “d  the  of  additional°quality 

ol  arises.  Quality  control  of  magnetic  tape  .should  include  but 
need  not  necessarily  be  limited  to,  the  following  items: 

(a)  Completeness  and  accuracy  of  operation  logs. 

.nH  a  j  ,  ^  Accuracy  of  observatory  measurements  of  system  noise 
and  equivalent  ground  motion. 

(c)  Quality  and  completeness  of  voice  comments. 

does  not  occur!  EXamination  °f  a11  calibrations  to  assure  that  clipping 


rEprod 
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(e)  Determination  jf  relative  phase  shift  on  all  array 

seismographs . 

(f)  Measurement  of  DC  unbalance. 

(g)  Presence  and  accuracy  of  tape  calibration  and  alignment. 

(h)  Check  of  uncompensated  noise  on  each  channel. 

(i)  Check  of  uncompensated  signal-to-noise  of  channel  7. 

(j)  Check  of  general  strength  and  quality  of  timing  datij. 
derived  from  National  Bureau  of  Standards1  Station  WWV. 

(k)  Check  of  time  pulse  modulated  60  cps  on  channel  14  for 
adequate  signal  level  and  for  presence  of  time  pulses. 

(l)  Check  of  synchronization  of  digital  time  encoder  with 

WWV. 


(6)  Provide  observatory  facilities,  accompanying  technical 
assistance  by  observatory  personnel,  and  seismological  data  to  requesting 
organizations  and  individuals  after  approval  by  the  AFTAC  project  officer. 

(7)  Maintain,  repair,  protect,  and  preserve  the  facilities  of 
TFSO  in  good  physical  condition  in  accordance  with  sound  industrial 
practice. 

b.  Instrument  Evaluation:  On  approval  by  the  AFTAC  project  officer 
evaluate  the  performance  characteristics  of  experimental  or  off-the-shelf 
equipment  offering  potential  improvement  in  the  performance  of  observatory 
seismograph  systems.  Operation  and  test  of  such  instrumentation  under 
field  conditions  should  normally  be  preceded  by  laboratory  test  and 
evaluation. 

c.  Special  Investigations: 

(1)  Conduct  research  investigations  as  approved  or  requested  by 
the  AFTAC  project  officer  to  obtain  fundamental  information  which  will 
lead  to  improvements  in  the  detection  capability  of  TFSO.  These  programs 
should  take  advantage  of  geological,  meteorological,  and  seismological 
conditions  of  the  observatory.  The  following  special  studies  should  be 
accomplished: 


(a)  Evaluate  the  beam-steering  capabilities  of  the  30- 
kilometer  long-  and  short-period  vertical  seismometer  arrays, 

(b)  Determine  the  detection  capabilities  of  the  30-kilometef 
long-  and  short-period  vertical  seismometer  arrays. 
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(c)  Study  the  properties  of  the  noise  field  with  the  new 

arrays , 

u)  Determine  the  reliability  of  instrumentation  in  the  new 

arrays . 

(2)  Research  might  pursue  investigations  in,  but  is  not 
necessarily  limited  to,  the  following  areas  of  interest:  microseismic 
noise,  signal  characteristics,  data  presentation,  detection  threshold, 
and  array  design  (surface  and  shallow  borehole). 

(3)  Prior  to  commencing  any  research  investigation,  AFTAC 
approval  of  the  proposed  investigation  and  of  a  comprehensive  program 
outline  of  the  intended  research  must  be  obtained. 


REPRODUCTION 


BLANK  PAGE 


Unclassified 

Security  Classification 


|2b.  GROUP 


DOCUMENT  CONTROL  DATA  ■  R  &  D 

(Security  ciaaalfication  of  title,  body  of  ebatr  f  mnd  indexing  annotation  must  be  entered  when  the  overall  report  ie  classified) 


'■  ORICINAT,N®  ACTIVITY  (Corporate  author)  2ti.  REPORT  SECURITY  CLASSIFICATION 

Geotech,  A  Teledyne  Company  Unclassified 

3401  Shiloh  Road 
Garland,  Texas 


3.  REPORT  TITLE  - 

Operation  of  the  Tonto  Forest  Seismological  Observatory 

Quarterly  Report  No.  2,  Project  VT/8702,  1  April  through  30  June  1968 


4.  DESCRIPTIVE  NOTES  (7 'ype  of  report  end  inclusive  detee) 


B.  AUTHOR(S)  (Firat  name,  middie  Initial,  ieat  name)  . ' " 


1 7S.  TOTAL  NO.  OF  PAGES  |7b.  NO.  OF  REFS 


94.  ORIGINATOR'S  REPORT  NUMBER(S) 


TR  68-32 


Geotech  Staff 


8.  REPORT  DATE 

15  July  1968 


84.  CONTRACT  OR  GRANT  NO. 

AF  33657-68-C-0766  . 

6.  PROJEC  T  NO. 

VELA  T/8702 

c'  9b.  OTHER  REPORT  NO(S)  (Any  other  numbera  that  me  y  be  me  signed 

ARPA  Order  No.  624  thi.  report) 

4ARPA  Program  Code  No.  6F10 


10.  DISTRIBUTION  STATEMENT 

This  document  is  subject  to  special  export  controls  and  each  transmittal  to  a 
foreign  national  may  be  made  only  with  prior  approval  of  the  Chief  of  AFTAC. 


11.  SUPPLEMENTARY  NOTES  1  2.  SPONSO  RING  MILI  T  AR  Y  AC  Tl  VI  T  Y 

Advanced  Research  Projects  Agency 
Nuclear  Test  Detection  Office 
Washington,  D.  C. 


13.  ABSTRACT - 


This  is  a  report  of  the  work  accomplished  on  Project  VT/8702  from 
1  April  through  30  June  1968.  Project  VT/8702  includes  the  operation, 
evaluation,  and  improvement  of  the  Tonto  Forest  Seismological 
Observatory  (TFSO)  located  near  Payson,  Arizona.  It  also  includes 
special  research  and  test  functions  carried  out  at  TFSO  and  research 
and  development  tasks  performed  by  the  Garland,  Texas,  staff  using 
TFSO  data.  (  j  _ 


,1473 


Unclassified 

Security  Classification 


Security  CUatifiotion 


4. 


KEY  WOKDI 


Long -Period  Array 
37-Element  Short-Period  Array 


LINK  A 


Seismograph  Operating  Parameters 
Beam-Steering  Evaluation 
High-Frequency  Seismograph 
Multichannel  Filter  Evaluation 


Unclassified 

Security  Clesilfication 


